Many epidemiology studies have indicated that several functional polymorphisms of the IL-27 gene may contribute to individual susceptibility to cancer. Nevertheless, the data arising from these studies were inconclusive. Therefore, we conducted the current meta-analysis aiming to elucidate the effects of IL-27 polymorphisms (rs153109, rs17855750, and rs181206) on cancer susceptibility.
Background
With the obvious increasing prevalence and mortality rate, cancer has become one of the primary causes of morbidity and mortality [1] . The underlying mechanisms of the tumorigenesis are obscure because of the involvement of multiple risk factors containing complicated gene-gene and gene-environment interactions [2] . Many studies have demonstrated that the occurrence of cancers may be related to inflammation, and that cytokines are associated with individual susceptibility to cancers [3] .
Cytokine-mediated immunity plays a critical role in the tumorigenesis [4] . IL-27 is included in the cytokines of IL-12 family. It is located on chromosome 16 (16p11) and comprises 2 subunits-Epstein-Barr virus-induced gene 3 (EBI3) and p28, which is a recently discovered IL-12p35-related polypeptide [5] . IL-27 is mainly secreted by antigen-presenting cells. It was described as a pro-inflammatory cytokine that enhances T helper (Th) 1 responses, cytotoxic T lymphocytes (CTLs) maturation, natural killer (NK) cells stimulation, and secretion of interferon-g (IFN-g) [5] . Research shows that IL-27 can impair tumor progression by CD8+ T cells with promoted CTL reaction, regardless of tumor immunogenicity [6] . Additionally, IL-12 inhibits neoangiogenesis in tumors by stimulation of IFN-g-inducible protein-10 (IP-10) [7] .
In view of the association of IL-27 polymorphisms and susceptibility to cancer, some previous case-control studies were conducted among Chinese population [8] [9] [10] [11] [12] [13] . However, the conclusions were inconsistent and inconclusive. In 2014, Hu et al. [14] conducted a meta-analysis of 6 case-control studies and concluded that IL-27 rs153109 polymorphism was associated with cancer susceptibility in Chinese, a result consistent with another meta-analysis of 8 case-control studies by Xu et al. [15] that IL-27-964A/G (rs153109) polymorphism might enhance cancer susceptibility. Using more recent studies, we conducted an updated meta-analysis to obtain a more precise evaluation of the relevance of IL-27 polymorphisms (rs153109, rs17855750, and rs181206) and cancer susceptibility.
Material and Methods

Literature search strategy
We conducted a comprehensive literature search in PubMed, Web of Science, Google Scholar, CNKI (Chinese National Knowledge Infrastructure), and Wanfang databases to find all eligible casecontrol studies up to June 11, 2015 on the association between polymorphisms of IL-27 (rs153109, rs17855750 and rs181206) and cancer susceptibility by applying the searching terms: ("interleukin-27" OR "IL-27") and ("mutation" OR "polymorphism" OR "variant") and ("cancer" OR "malignancy" OR "carcinoma" OR "tumour" OR "neoplasm") without language restriction. In addition, we checked the reference lists of all the eligible publications or the relevant reviews for additional studies.
Selection criteria
The studies enrolled in the current meta-analysis had to satisfy the following criteria: (a) studies that assessed the relevance between the polymorphisms in IL-27 and cancer susceptibility; (b) studies designed as case-control; (c) we can obtain specific genotype frequency of all the cases and controls or they can be obtained from the available data. We excluded studies which were: (a) case-only studies, reviews, comments, and case reports; (b) studies without the raw statistics of the polymorphisms of IL-27; (c) publications that were repetitive; (d) studies focused on animals.
Data extraction
The following details were recorded from each study by 3 investigators (Meng Zhang, Xiuxiu Tan, and Junjie Huang): the name of the first author, year published, ethnicity of the casecontrol studies, source of controls, genotyping method, the number of cases and controls, and the P value of the HWE in control groups. Any disagreements were discussed by the 3 authors until a consensus was reached.
Statistical analysis
We assessed the association between IL-27 polymorphisms and cancer susceptibility by OR and 95% CI. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License (BB vs. AB) (AA, homozygotes for the common allele; AB, heterozygotes; BB, homozygotes for the rare allele). We conducted a c 2 -test-based Q statistic test to evaluate the heterogeneity within the case-control studies [16] . If the Q test (P>0.1) suggested homogeneity across studies, we selected the fixedeffects model [17] ; otherwise, the random-effects model was used [18] . In addition, we further quantified the heterogeneity effect by I 2 test (I extreme high heterogeneity) [19] . P values of the HWE for control groups were tested by c 2 test. Stratification analyses on tumor type and genotyping method were conducted. If any cancer type totals no more than 2 studies, we included it into the "other cancers" group. Sensitivity analyses were used to calculate the stability of the results by removing a single case-control study from the enrolled pooled data to detect the influence of that data set on the pooled ORs. Finally, we used Begg's funnel plot and Egger's regression test to evaluate the potential 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License publication bias [20, 21] . P<0.05 was considered as statistically significant. We used STATA 12.0 (Stata Corporation, College Station, Texas) to conduct all statistical analyses.
Results
Study characteristics
As presented in Figure 1 , after a systematic literature search in the databases, 46 potential relevant studies on the association between IL-27 polymorphisms and cancer were identified.
Nevertheless, of them, 34 were unqualified in that some were based on case-only design, some were not polymorphism studies and the others were not concerning the susceptibility of cancer. In the end, a total of 12 publications with 27 independent case-control studies comprising of 7,570 cases and 9,839 controls were concerning the associations of IL-27 polymorphisms and cancer susceptibility. The characteristics of enrolled studies were presented in Table 1 [8] [9] [10] [11] [12] [13] [22] [23] [24] [25] [26] [27] . The genotype distributions of the three polymorphisms and the genotyping method of the enrolled studies were retrieved scrupulously, and the controls were selected from non-cancer populations. Additionally, there were three case-control studies deviated from HWE [13, 23] . : 0-25, means no heterogeneity; 25-50, means modest heterogeneity; >50, means high heterogeneity; P a : P value of Q test for heterogeneity test; * means statistically significant (P<0.05). Meta-analysis estimates, given named study is ommited Lower CI limit Upper CI limit Estimate Meta-analysis estimates, given named study is ommited Lower CI limit Upper CI limit Estimate 1. 18 1.34 1.40
C
Meta-analysis
The results of the meta-analysis for the association of IL-27 polymorphisms (rs17855750, rs181206 and rs153109) with susceptibility to cancer are presented in Table 2 . Obvious heterogeneity was identified in IL-27 rs17855750 polymorphism (GG vs. TT: P heterogeneity =0.036, I 2 =61.2% and GG vs. Table 2) . Therefore, we chose the random-effects model to generate wider CIs in these genetic models.
The present work identified that rs17855750 polymorphism of IL-27 was significantly associated with cancer susceptibility (G vs. T: OR=1.177, 95%CI=1.304-1.341, P heterogeneity =0.156, Figure 2A ; GG+GT vs. TT: OR=1.156, 95%CI=1.005-1.329, P heterogeneity =0.410, Figure 2B ), particularly for bladder cancer (GG vs. TT: OR=14.600, 95%CI=1.653-128.994, P heterogeneity =0.647; GG vs. GT+TT: OR=14.480, 95%CI=1.640-127.836, P heterogeneity =0.658). Nevertheless, no association was identified between IL-27 rs153109 and rs181206 polymorphisms and cancer susceptibility. When a stratification analysis was performed by cancer type, we identified an increased susceptibility of bladder cancer in rs153109 polymorphism (GA vs. AA: OR=1.413, 95%CI=1.080-1.848, P heterogeneit y=0.725). Moreover, in the stratification analysis by genotyping method, we identified an increased susceptibility for PCR-RFLP group in rs17855750 polymorphism (G vs. T: OR=1.194, 95%CI=1.028-1.387, P heterogeneity =0.074; GG+GT vs.
TT: OR=1.185, 95%CI=1.008-1.392, P heterogeneity =0.232), whereas a decreased susceptibility was identified in rs153109 polymorphism (GG vs. AA: OR=0.943, 95%CI=0.890-1.000, P heterogeneity =0.094) ( Table 2) .
Sensitivity analyses and publication bias
We performed sensitivity analysis by omitting each study sequentially, suggesting that the results for the overall population were statistically robust and reliable ( Figure 3A-3C ). Egger's test and Begg's funnel plot were performed to examine the publication bias risk in our research. No publication bias was identified (rs153109: G vs. A: P=0.300 for Begg's test, P=0.112 for Egger's test, Figure 4A ; rs181206: C vs. T: P=0.133 for Begg's test, P=0.252 for Egger's test; Figure 4B ; rs17855750: G vs. T: P=0.283 for Begg's test, P=0.322 for Egger's test; Figure 4C ).
Discussion
Interleukin-27 is a newly discovered member of the IL-12 family, which is regarded as a mediator of naive T cell proliferation, and an inducer of IFN-g secretion, specifically in synergy with IL-12 [28] . Recently, Chiyo et al. [29] investigated the antitumor ability of IL-27 against a murine tumour model and observed that IL-27 could induce tumour-specific antitumor 2511 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License activity. The relationship between IL-27 polymorphisms and cancer susceptibility had been investigated in recently published case-control studies, but conflicting results were reported. Meta-analysis is regarded as a crucial method to accurately define the influence of specific genetic polymorphisms on cancer susceptibility. After searching the databases, 2 metaanalyses were found focussing on the relevance of the IL-27 polymorphisms and cancer susceptibility [14, 15] . In 2014, Hu et al. [14] conducted a meta-analysis and concluded that IL-27 rs153109 polymorphism was associated with cancer susceptibility in Chinese, whereas the rs17855750 and rs181206 polymorphisms were not. The results were consistent with another meta-analysis conducted by Xu et al. [15] , which reported that IL-27 rs153109 polymorphism might enhance cancer susceptibility. Additionally, their results also demonstrated that IL-27 rs153109 polymorphism increased colorectal cancer susceptibility. However, several limitations in both analyses were obvious. First, the number of eligible published studies used was limited to a total of 6, with 1684 patients and 1837 controls. Second, there were 8 case-control studies, including 2044 cancer cases and 2197 controls focussing only on a single IL-27 polymorphism. Therefore, we performed the current meta-analysis to comprehensively elucidate the effects of IL-27 polymorphisms (rs153109, rs17855750 and rs181206) in a total of 12 publications, including 27 case-control studies comprising 7570 patients and 9839 controls. Interestingly, the results were inconsistent with previous studies. Except for IL-27 rs17855750 polymorphism, there was no evident relationship between the IL-27 rs153109 and rs17855750 polymorphisms and cancer susceptibility. In addition, when we performed a stratification analysis by cancer type, an increased susceptibility to bladder cancer in rs153109 polymorphism was identified.
Nevertheless, there exist several drawbacks in our meta-analysis. Stratifications may be introduced by the combination of genetic studies on various cancers in the meta-analysis. The results of IL-27 polymorphisms on cancer susceptibility might be affected by several complicated factors, such as age, sex, ethnicity, source of controls, and matching criteria when we lack the original data. Additionally, only papers published in a limited number of databases were searched, and some studies might have been missed; therefore, the eligible case-control samples included into the current meta-analysis were insufficient. Thirdly, all the studies were conducted in Chinese, and no research in whites or Africans was identified.
Conclusions
This meta-analysis illustrated that IL-27 rs17855750 polymorphism enhanced cancer susceptibility in a Chinese population, and an increased susceptibility of bladder cancer was identified in rs153109 polymorphism when a stratification analysis was performed by cancer type. Further well-planned studies on these variants are warranted to discover the mechanisms of IL-27 polymorphisms in the tumorigenesis of these cancers.
